Fast conversion algorithm for very large

Boolean functions
polarity Reed-Muller expression should be transformed to FPRM expressions or other procedures employed to remove the redundant inputs such as the application of 'linking rules' in [2] . No program is available to convert directly from SOPs to canonical FPRM expressions for very large functions because the space and time complexity increases exponentially with the number of variables [3] . An alternative to obtain FPRM expressions is by constructing FDDs [4] . A two-level FPRM form can be obtained from the corresponding ordered FDDs (OFDDs) where each 1-path defines a subset of the variables that uniquely corresponds to a cube in the FPRM form. Thereby, the number of 1-paths of an OFDD with fixed polarity variables is also the number of on-set cubes of the two-level FPRM for the same function [4] . Hence, a function that has a compact OFDD structure can usually be represented by a two-level FPRM expression effectively. The main disadvantage of FDDs is that they are generally not canonical, except OFDD, where the order of variables is fixed. Additionally, the size of FDDs is sensitive to the order of variables and the problem of finding the optimal OFDD is NP-complete. Although it is proposed in [4] format with any Polarity P, 0 c P 5 2" -1.
outputs are given.
1. Delete all the redundant variables for any individual functionji, 0 S i 5 in ~ 1, where the entries are '-3 for all the on-set cubes in the PLA description. Suppose the number of redundant variables is r, then the number of dependent variables is (n ~ r) forf;. 2. Use the algorithm proposed in [3] to convert this single-output functionh of (n -r) variables from SOP to Reed-Muller form with polarity p and return a cube set C containing all the on-set ReedMuller cubes. 3. Add '0' to the columns of all the cubes in C for redundant variables from Observation (i). 4. Repeat step 1 to 3, and append the new Reed-Muller cubes to C for all other individual functions. Merge all the common ReedMuller cubes in C to obtain the final FPRM format.
Introduction: Any n-variable Boolean function can be expressed canonically by the sum-of-products forms (SOPs) as follows:
. . . . We convert these two functions of less variables from SOPs to Reed-Muller expression is straightforward to obtain by replacing FPRM format with default zero polarity using the method in [3] the OR with the EXOR operation. However, the input irredunand thus obtain two cube set CO = (00, 01) for& and C, = (01, dancy cannot be guaranteed in a mixed polarity Reed-Muller 10) forfi. We then add '0' to the cubes of CO and C, for the expression since it is not canonical [2]. Consequently, the mixed redundant variables xo and x2 respectively based on Observation
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(i). Hence CO = (000, OlO}, C, = (001, OlO}, which is shown in Fig. lb after merging the common cube {OlO}. Table 1 where the number of input variables (variable number), number of outputs (output number), cube number of two-level FPRM description with default zero polarity after merging the common cubes (RM cube number with 0 polarity), and the time for conversion (time for conversion) are also presented. The input file of the program is the PLA description of a multiple output Boolean function, and the output file is in FPRM format with any polarity 1.'. It can be seen that the time for conversion does not depend on the number of input variables as all the previous algorithms that can be found in [3], but the structure of the functions. If a function has high redundancy, then it is still very fast even for very large function with hundreds of inputs. For example, the 'i7' testcase has 199 inputs and 67 outputs and most of input variables are redundant for any individual function. Thus the total conversion time is only 0. I Is while it takes much longer for 'terml', with much less inputs and outputs. For comparison, we tested the "isex2' and 'lal' functions without applying the redundancy removal, and found that it took more than ten hours to finish converting either of them using the algorithm in [3] . No other comparison is available since all the previous published methods are not suitable for very large multiple output functions due to the excessive complexity.
Variable number
Conclusion:
A very fast algorithm has been proposed to convert very large multiple output Boolean functions directly from twolevel PLA format to two-level FPRM format with any polarity using the property of input redundancy. This facilitates the canonical representation of very large multiple output Boolean fhctions (n 2 25) by two-level FPRM forms. The space and time complexity does not depend on the number of variables but the structure of the functions. It lays an important basis for further research on Reed-Muller logic and logic synthesis and optiinisation generally.
